. 1 The regularities of binding substances of aromaforming cryo-and thermotropic jellies of gelatin and starch were studied. The influence of the surface of hydrophobic jelly on their ability to absorb aqueous solutions of thymol was experimentally confirmed. The reduction of sorption by thymol cryotropic jellies versus the thermotropic one was established. Experimentally it was confirmed that the most promising technology to create flavors from aromatic hydrophobic substances are thermotropic jellies y of gelatin with high hydrophobicity.
Introduction
Flavors are widely used in food industry to ameliorate organoleptic quality factors and to raise consumer price of foodstuffs. Biopolymers (proteins and polysaccharides), being part of food items, can considerably influence on the composition of volatile aromatic compounds. In the result of specific interaction of biopolymers with the mentioned compounds the balance of their composition is upset.
Today it is known that the rate of odorants binding depends on the physical and chemical properties of both volatile organic compounds and an inert matrix. In a number of studies the interaction of various polysaccharides starch and corn starch cryotextures with individual organic compounds and their mixtures was investigated [1] [2] [3] [4] . It was found that the retention of volatile starch matrix compounds is due to capillary and surface adsorption, the formation of hydrogen bonds and inclusion complexes. In addition, it was shown that odorants can form supramolecular complexes (supramolecular associates) with cryotextured poly-saccharides up to 0.3-0.5 microns by hydrophobic cooperative interactions [5] .
Hydrophobic nature of the interaction of aromatic compounds with aqua solutions is confirmed in the works [6] [7] [8] . Hydrophobic nature of the interaction of aromatic compounds with gelatin and starch is confirmed in the works [9, 10] . Nowadays, studying the mechanism of interaction of odorant in the system -inert matrix and the search for new, effective sorbents are still an actual problem [11, 12] .
In this regard, attention-grabbing food matrix as inert gelatin and starch is used in the production in a large group of food products. We hypothesized that fixing the conformation of biopolymers by creating thermal cryotropic jellies and opening new opportunities in their sorption activity besides aromatic substances with sufficiently high hydrophobicity should have affinity for hydrophobic and hydrophilic surfaces of jellies.
The purpose of this article is to examine the patterns of the binding of aroma-forming agents by hydrophobic and hydrophilic surfaces cryo-and thermotropic jellies of gelatin and starch.
Experimental
The objects of the study were: thymol, 20% gelatin, gelatin-starch and gelatin-thymol jelly. All kinds of jelly were formed under high ionic strength -0.5 M sodium chloride.
Preparation of thermotropic 20% gelatin jellies. Thermotropic 20% gelatin jellies were prepared by the following procedure: 20 g of gelatin, 80 ml of purified water and 2.3 g of sodium chloride were placed into 300 ml glass vessel and left for 20 min. After the gelatin swelled, the vessel was put into water bath and heated at 363 K for 40 min under intensive stirring. Then melted gelatin was put into a Petri dish and cooled for 18 h at 278 K.
Preparation of thermotropic starch-gelatin jellies. Thermotropic starch-gelatin jellies were prepared by the following procedure: 20 g of gelatin and 2.3 g of purified sodium chloride were placed into the 300 ml capacity glass to create 0.5M of the liquor . The latter was soaked in 70 ml of water for 20 min. Then 10 g of starch were added and the liquor was heated at 363 K during 40 min under intensive mixing. Then it was poured into a Petri dish and cooled at 278 K for 18 h.
Preparation of thermotropic gelatin-thymol jellies. Thermotropic gelatin-thymol jellies were prepared by the following procedure: 20 g of gelatin and 2.3 g of purified sodium chloride were placed into the 300 ml capacity glass to create 0.5M of the liquor. The latter was soaked in 70 ml of 0.05% aqueous solution of thymol for 20 min. After the gelatin being swelled, the glass was put on the water bath and the liquor was heated at the temperature of 363 K during 40 min under intensive mixing. Then the melted gelatin was poured into a Petri dish and cooled at 278 K for 18 h. Then the jellies were washed with 500 ml of distilled water (5×100 ml) to remove retained thymol.
Preparation of starch and gelatin cryotexturates. Starch and gelatin cryotexturates were prepared by the following procedure: 20 g of gelatin were placed into the 300 ml capacity glass, 80 ml of water were added and the mixture was left for 20 min. After the gelatin being swelled, 10 g of starch were added, the glass was put on the water bath and the liquor was heated at the temperature of 363 K during 40 min. Then it was poured into a Petri dish, cooled to room (indoor) temperature and kept at 278 K during 3 h; at 255 K during 24 h. Thereafter the solution was defrosted and held indoor temperature to balance before the beginning of the experiments.
Preparation of starch cryotexturates. Starch cryotexturates were prepared by the following procedure: 10 g of starch were placed into the 300 ml capacity glass, 90 ml of water were added and the glass was put on the water bath and the liquor was heated at a temperature of 363 K during 40 min. Then it was poured into a Petri dish, cooled indoor temperature and kept at 278 K during 3 h; at 255 K during 24 h. Then the solution was defrosted and held indoor temperature to balance before the beginning of the experiments.
The method of obtaining hydrophobic and hydrophilic jellies surfaces. The external surface of the jelly types (except cryotropic starch jelly), which are formed during solidification in a Petri dish on the verge air -solution, have a hydrophobic nature, which was confirmed by the value of contact angle wetting. At the same time, internal layers which were formed during solidification of the same jelly hydrophilic character and have the appropriate importance to this country it contact angle. Thus, the same type of jelly from the outside had a hydrophobic surface, and its internal layers are hydrophilic. To study the sorption properties of jellies a rectangular flat sample of the same size surface by weight of 2 g was cut.
Determination of sorption indexes of jellies. Wetting angles of jellies surfaces were studied by the method of drops spreading. Surface wetting angle with distilled water (pH 5.5) was defined at 293 K. A drop of water was dripped on the jellies surface and photographed through 1 min under macromode. In the picture obtained a tangent point which was on the interface of three phases was built and wetting angle was measured, as shown in Fig. 1 . Depending on the severity of the angle we made the conclusion about hydrophobic or hydrophilic surface of jellies [13] .
Thymol concentration was measured by photometric method [14] at the wavelength of 410 nm. Thymol absorption of 0.1% aqueous solutions was carried out as follows: 50 ml of 0.1% aqueous solution of thymol and 2 g of sorbent were stirred for 60 min. Gel sample had a flat rectangle shape with the size of 1.0x1.5x1.3 cm. 1 ml of solution was selected and concentration of thymol was determined in it every 10 min. Thymol adsorption from aqueous solutions is characterized by general binding (R, %) and distribution coefficient (D), which are calculated in accordance with Eqs. (1) and (2):
where C 0 -initial concentration of thymol solution, mol/l; C -equilibrium concentration of thymol solution after definite time, mol/l.
where V -volume of the sample solution, ml; m -mass of the sorbent, g; ρ -density of the solution g/ml.
The level of total binding is represented in Figs. 2 and 3 in the relative percentage (R, rel %). To do this, the least important overall indicator called "binding" (R, %) for a particular surface was taken as 100 %. For building sorption isotherms thymol concentration range of solutions with concentrations of 0.1, 0.05, 0.025, 0.0125, 0.00625 and 0.003125 % was created. Then 1 g of the jelly was placed in flask and 25 ml of a thymol concentration was added and the solution was stirred for 60 mins. Then 1 ml of solution was taken and its concentration was determined.
To build sorption isotherms the sorption (S) was calculated according to Eq. (3):
where C 0 -initial concentration of thymol solution, mol/l; C -concentration of the solution after the sorption of thymol, mol/l; V -volume of thymol solution taken for sorption, l; m -mass of the sorbent, g.
Results and Discussion
The results of the experimental determination of the contact angle of a jelly surface by method [13] are presented in Table 1 . According to the results of this research, all the surfaces of jellies formed during the contact with air (outward), are highly hydrophobic. Contact angle of the hydrophobic surface varied between 100° and 123°. The surface of those jellies which were formed from a solution when frozen is hydrophilic in all cases. The surface of cryotropic starch jellies had the most hydrophilic nature: water is completely absorbed without forming a drop on the surface.
Experimental results that determine the total binding of thymol from aqueous solutions (R, %) and distribution coefficient ( D ) depending on the time of sorption of thermotropic and cryotropic gels are shown in Figs. 2, 3 and Table 2 .
According to the results, the increase in the amount of adsorbed thymol corresponds to the increase in contact time of the solution with the jellies. We observe the increased sorption activity of thymol on the hydrophobic surface after 60 min of the process beginning. This is especially true in case of thermotropic jellies. For example, total binding of the thermotropic gelatin jellies is 4700 rel %, distribution coefficient -10.22. At the same time the sorption of thymol in case of cryotropic gelatinstarch jellies was less active, total binding is 2300 rel %, distribution coefficient -4.23. In all cases, the adsorption equilibrium was established after 60 min of the process beginning and remained nearly constant for 24 h.
The sorption ability of the hydrophilic surface of the jellies under study decreases in the following order: gelatin (thermotropic) > gelatin (cryotropic) > starch (cryotropic) > gelatin-starch (thermotropic) > gelatinstarch (cryotropic), thus remaining to be generally weaker compared with that of a hydrophobic surface. For example, after 60 min of sorption, the total binding by the hydrophilic surface of thermotropic gelatin jellies was 1.3 times lower compared to the hydrophobic surface, whereas the distribution coefficient was 1.4 times lower. The total binding by the hydrophilic surface of thermotropic gelatin-starch jellies was 1.9 times lower compared to the hydrophobic surface, whereas the distribution coefficient was 2.3 lower. The sorption of thymol by the hydrophilic surface of the cryotropic jellies of gelatin and starch reached its boundary value at the 60-minute mark and remained nearly constant for 24 h.
For the purpose of thermodynamic assessment of the sorption process of thymol from aqueous solutions by cryotropic jellies and thermotropic gelatin the sorption isotherms were constructed in the following coordinates: the concentration of adsorbed thymol ( G , mol/g of sorbent) -concentration of thymol (C, mol/l).
Comparison of sorption isotherms of thymol from aqueous solutions by the hydrophobic surfaces of the thermo-and cryotropic jellies is shown in Figs. 4 and 5 .
The shape of isotherms depends on the degree of binding of thymol by the jellies. The isotherms for hydrophobic surfaces are S-shaped for all the jellies under study. Such shape indicates that the energy of interaction of the "adsorbent-adsorbate" model exceeds the interaction energy of the "adsorbate-adsorbate" model, meaning thymol has a high affinity to hydrophobic surfaces of the jellies. However, the sorption isotherms of thymol by the cryotropic gelatin and gelatin-starch gels have a significantly lower slope, indicating a decrease in the efficiency of sorption of thymol from aqueous solutions. This is especially true in case of cryotropic jellies. This is confirmed by the experimental results that determine the total binding of thymol. Thus, the total binding of cryotropic jellies by the hydrophobic surfaces is 2.7 times weaker on average compared to the thermotropic ones.
Comparison of sorption isotherms of thymol from aqueous solutions by the hydrophilic surfaces of the thermo-and cryotropic jellies is shown in Figs. 6 and 7 . In all cases, the isotherms are S-shaped, which indicates high affinity of thymol to adsorbents. However, there is a significant reduction in steepness of isotherms in a series of jellies: gelatin (thermotropic) > gelatin (cryotropic) > starch (cryotropic) > gelatin-starch (thermotropic), indicating a decrease in the efficiency of sorption. This is confirmed by the experimental data. For example, the level of total binding ( R , rel %) and distribution coefficient (D) in the aforementioned series of jellies constitutes: R = 3700, 2100, 1700 and 1100 rel %; D = 7.33, 3.75, 3.16 and 3.00, respectively.
In the course of our experiments, we found that in the concentration range none of the sorbents of thymol was able to reach the saturation stage (boundary value of the sorption).
The results suggest that weakly polarized benzoic ring of thymol is mainly adsorbed from solutions on hydrophobic surfaces of the thermotropic gelatin and gelatin-thymol jellies, which possess rigid enough spatial grid due to conformational transition of gelatin in the formation of jellies starting from a coil shape (313 K) and ending with a helix (278 K). Sorption in this case can only exist mainly because of hydrophobic interactions.
Introduction of thymol to the structure of the gelatin jellies, followed by its removal via desorption, did not lead to a significant increase in the total binding ability of thymol. Presumably, the gelatin-thymol jellies have bound a significant amount of thymol irreversibly, confirming experimental data. In this regard, thymol sorption from aqueous solutions has reached the boundary value of 900 rel % (D = 7.45) for twenty minutes only in case of the gelatin-thymol jellies, but in other cases -it took 60 min for cryotropic jellies and 120 min for thermotropic ones to do the same.
Sorption of thymol on the hydrophobic surface of a sorbent takes place due to the hydrogen bonds between the hydroxyl group of thymol and hydroxyl groups of a sorbent (gelatin, starch). Irreversible sorption of thymol in this case increases up to 90 %. However, insufficient rates of this particular kind of sorption, in our opinion, can be explained by the competition of thymol with a large amount of water in jellies, which can also form hydrogen bonds with hydroxyl groups of starch and gelatin.
The fact that the additional noncovalent binding of molecules of biopolymers takes place inside the cryotropic jellies, which provides a rigid texture to a sponge, can indicate its higher sorption activity. However, according to the experimental data, a significant influence on the sorption in this case had a large amount of bound water in a cryotexturate, which competed with thymol. Overall, thymol sorption from water solutions on hydrophobic surface of both thermo-and cryotropic jellies is 2-2.5 times stronger compared to the hydrophilic one. Established sorption of thymol cryotropic jelly has more tightly fixed conformation than thermotropic jelly. Thus, the sorption of thymol by the thermo-and cryotropic jellies of gelatin and starch is caused mainly by the formation of hydrophobic bonds between thymol and sorbent. The degree of binding of thymol with sorbents was decreasing in case of cryotropic jellies because of the presence of a large amount of bound water that can form hydrogen bonds with hydroxyl groups of biopolymers.
Conclusions
It is shown that jelly surface formed on the edge of solution-air is hydrophobic with the wetting angle of 101.7-121.0° and jellies surface formed in solution, from the inner layers (internal volume) of gels, is hydrophilic with the boundary wetting angle of 13.7-52.0°. Impact surface of hydrophobic jellies investigated for their ability C, mol/l S, mol/g to absorb thymol from aqueous solutions was confirmed. It was confirmed that the most promising technology of creating flavors from aromatic substances are thermotropic jellies and gelatin with hydrophobic surface.
